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40
The genus Thymus, with about 215 species, is one of the eight most important genera 41 of the Lamiacea family. Thyme, a plant native to the Mediterranean region (Spain, Italy, 42 France, Greece, etc.), has long been used as a source of essential oil and other constituents 43 (e.g. thymol, flavanoid, caffeic acid and labiatic acid) derived from the different parts of the 44 plant. In addition to their numerous traditional uses, the plant (herb) and its essential oil have 45 found diverse applications in pharmacy and medicine [1] . Thymus vulgaris is a perennial 46 medicinal plant, cultivated worldwide for a lot of uses like culinary, cosmetic and medical 47 purposes. This species has special activities such as antispasmodic, expectorant, antiseptic,
48
antimicrobial and antioxidant [2, 3] . Thymus daenensis is native to Iran [4] .
49
Depending on the growing conditions (different environments, climates, soil, 50 geographical location) Thyme can provide various therapeutic properties [5] . Plant growth, 51 quality, and quantity of active ingredients mainly depends on genetic manipulation while 52 environmental factors play a major role by leading to changes in the growth, quality and 53 quantity of active substances such as alkaloids, glycosides, essential oils [6] .
54
Thyme contains 0.8 to 2.6% (generally 1%) of essential oils which is primarily 55 comprised (20 to 80%) of phenols, monoterpenes (e.g. p-cymene and y-terpinen), and 56 alcohols (e.g. linalool, a-terpinene and is thujan-4-ol) . In general, thymol constitutes the 57 highest content of phenolic compounds while carvacrol is a minor part of the essential oil of 58 Thyme [7] . In a study by Barazandeh and Bagherzadeh [8] investigating the essential oil of 59 the aerial parts of Thymus daenensis, GS/MS results showed that among the 43 indicated 60 components, thymol (73.9%), carvacrol (6.7%), para-cymene (4.6%), β-bisabolene (1.5%)
61
and terpinene 4-L (1.4%) were the main constituents.
62
Bio-fertilizers are of great importance and play the largest role in increasing the 63 productivity and maintaining soil fertility in sustainable agriculture [9] [10, 11] . through organic and biological methods plays a key role in increasing qualitative and 71 quantitative herbal and essential oil yield [12] .
72
In many regions of Iran, soil type is calcareous with high pH. Therefore, some 73 nutrients such as phosphorus, iron and zinc are stabilized and non-absorbable for plants. In 74 such situations, Thiobacillus bacteria can reduce the pH of the soil in the presence of sulfur 75 resulting in the solubility of nutrients around the root area [13] .
76
These previously mentioned issues have increased along with limited water resources 77 in the arid and semi-arid ecosystems of Iran [14] . Water stress has many adverse effects on 78 the plant's processes such as reduction in the leaf area index, the number of leaves and shoots 79 dry weight [15, 16] . Medicinal plants are not accepted and water stress reduces the quantity 80 and quality of active ingredients while these herbs need to perfect vegetative and 81 reproductive growth in order to combine the ingredients [16] . Superabsorbents are able to 82 reduce the need to be irrigated by up to 33% with no side effects on the soil and the 83 environment [14] . Superabsorbent is natural or synthetic contain over 99% water. Hydrogels 84 have been defined as polymeric materials which exhibit the ability of swelling in water and 85 retaining a significant fraction (>20%) of water within their structure, without dissolving in 86 water [17] . Superabsorbent hydrogels are increase soil capacity to hold water, nutrients and 87 improve the plant's growth and yield [18] . Although the application of superabsorbent and 
Herb processing and essential oil isolation
109
The seeds were planted on 5 April 2011 and germinated after 17 days. The first flower 110 was visible on 13 July, while the plants were harvested at a full flowering phase on 30
111
August, air-dried at 25°C in the shade and subsequently well crushed. The essential oil was 112 extracted by hydro distillation for 120 min using a Clevenger-type system [19] . Collected 113 essential oils were stored in dark flasks and kept at -18°C for GC/MS analysis. Analysis of variance of some components of thyme essential oil is presented in Table 150 3. The difference between two thyme species was significant (P ≤ 0.01) for all of the 151 quantities of the compounds ( strains) improves the iron nutrient content of the seeds [21] . Also, in the presence of sulfur,
Statistical analysis
167
Thiobacillus increased nutrient uptake, growth and production of Melissa officinalis oil 168 compared to the control [12] .
169
Razban and Pirzad [16] 
Superabsorbent × Thiobacillus interaction
181
Combined levels of the superabsorbent × Thiobacillus interaction were significant for borneol 182 and caryophyllene (Table 4 and Figure 1 ; P ≤ 0.05). The maximum amount of borneol was 
Species × Thiobacillus interaction
193
The interaction between species × Thiobacillus was significant for thymol (P ≤ 0.05; Table 194 4). Using Thiobacillus in Thymus daenensis led to a significant reduction in the amount of 
The triple interaction among species × superabsorbent ×Thiobacillus
198
Significant differences among combinations of this interaction were observed only for
199
Borneol and caryophyllene (P ≤ 0.05) ( Table 6 ). The maximum amount of caryophyllene was 
208
The interaction between species × superabsorbent was not significant for all traits, while for 209 species main factor it was significant at P ≤ 0.01. Referring to an acceptable amount of 210 coefficient of variation (CV %), it is concluded that non-significance of some parts of 211 variation for essence components sources is not due to the amount of experimental error.
212
The correlation between thymol with others was negatively significant, with the exception of 213 a positive correlation with caryophylene. Table 1 . Selected physical and chemical properties of soil used in this study. 
